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1. Introduction
Oneofthemostusedmethodstoperformartificialcontrol
of musclesis basedonfunctionalelectricalstimulation
(FES),whichenablesrestorationof movement(e.g.arm,
knee).FES-based evicesuseelectriccurrentpulsesto
stimulateand excitethe (intact)peripheralnerves.
Therapeuticelectricalstimulationforparalyzed,orparetic
muscles,ordamagedligamentin theknee,hasprovedto
beanefficaciousrehabilitationtooIin clinical trialson
humans(Richmondetal.2001).
2. ControUertask
Applicationsfor (foot)motorcontrolin patientswitha
drop-foot,or for hand-graspcontrolof humanswith
paralyzedhandmuscles,haveconfirmedthebasictheories
thatnaturalsensorysignalscan be usedto control
paralyzedmuscles(Richmondetal. 2001).Theinputto
thecontroller(R) is theerror(differencebetweenthe
desiredforceandmeasuredresultingforce),andthe
outputis thefrequencyof thestimulus(figure1).In a
classicalapproach,thetuningofthecontrollerparameters
arebasedonamodelofthemuscleanda 'manual'tuning
whichis tediousandalsohastobeperformedfor each
person.
In the solutionproposed,the identificationof the
controllerparametersi donewithina directadaptive
control(DIRAC) strategy.Therefore,it is noneedfor a
priorispecifyingamodelof theprocess,thusit functions
as anauto-tuningmethod.Thejustificationin usinga
(self)adaptivecontrollerstandswithinthefactthatthe
parametersof themusclearetime-varying,especiá11yin
casesof rehabilitation(hand-grasp,kneejoint,drop-foot,
etc.).Evenin normal-healthypersons,theseparameters
changeswith exercise,age,(calciumandmagnesium)
metabolism,etc.Finally,inter-subjectvariabilitysupports
themotivationtouseanauto-tuningadaptivecontroller.
Basically,theDIRAC strategyis basedonspecifyinga
referencemodel(withdesiredperformance)of theclosed
loop transferfunction.By meansof an estimation
setpoint
Figure 1. Schematicoverviewof theclosed-Ioop.
algorithm(e.g.leastsquares),thecontrollerparameters
areestimatedsuchthatheclosedloopperformancefulfils
thespecificationsgivenin thereferencefunction.Thisis
thenasimpleandeasy-to-implementregulatingalgorithm
whichdoesnot needa modelof the systemandit
automaticallyadaptsthe controllerparameterwhen
changesappearin thesystem.
3. Resultsanddiscussion
In this (simulation)case,thenaturalsensorysignalis
capturedby anelectrode,fedto anamplifier/controller
unitandledto theparalyzedmuscles.A linearmodel
capturingthepropertiesof a muscleunderisometric
conditionscanbe representedby a 2ndordertransfer
functionwith delay:M(s) =Ke -TdS /(s +a)(s +b).
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Figure 2. Resultingforce'(N) and controlleroutput(Hz) for skeletal
musclecontrolfor setpointchange.
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Theparameters(K =450,a=5,b=20,Td =0.005s)
areanominalsetandtheirvaluecanchangefromperson-
to-person.The controlperformancetestconsistedin
changingthereferenceset-point(= force)from45N
(10Hz)to90N(18Hz)asin figure2.
4. Conclusion
DIRAC strategyhas the advantagethat it can be
implementedondevicesandusedinrehabilitationwithout
theprerequisitèofamuscle/patientmodel,duetoitsauto-
tuningcharacteristic.A comparisonwithclassicalPID
controlis providedin (IonescuandDe Keyser2005).
Theproblemimposedandevaluatedhereis thepresence
of thetimedelayin theclosed-loop.DIRAC strategy
performedsatisfactorilyanditisastraightforwardstrategy
thatcanbe easilyimplementedon-line,on a real-life
device(duetoitssimplicityanddiscretenature).
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